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© Detector of charged particles. 

© A detector for detecting charged particles com- 
prises a secondary electron multiplier (14) for con- 
verting the charged particles into secondary elec- 

Jjtrons and amplifying the secondary electrons, a scin- 

Qtillator (22) for converting the secondary electrons 
generated from the secondary electron multiplier 

• (14) into light, and a photomumplier (30) for receiving 

55 the light. 
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DETECTOR OF CHARGED PARTICLES 



The present invention relates to a detector of 
charged particles such as plus or minus ions useful 
for a mass spectrometer or the like. 

In the usual mass spectrometer, a secondary 
electron multiplier tube is widely used as a detec- 
tor for detecting charged particles. As shown in 
FIG. 10, the Daly-type secondary electron detector 
is also used. With reference to FIG. 10. a collector 
slit 2 of a mass spectrometer and an ion-electron 
converter 4 are provided. To detect plus ions by 
using the Daily-type detector, a negative high volt- 
age of, e.g. -20KV is supplied to the ion-electron 
converter 4 so that ions passing through the collec- 
tor slit 2 collide against the ion-electron converter 4 
to thereby generate secondary electrons from the 
surface of the ion-electron converter 4. An optical 
guide 6 is positioned at an end of which a scintil- 
lator 8 is provided. A thin film 10 on the surface of 
the scintillator 8 is made by evaporating aluminum. 
A photomultiptier tube 12 is provided at the other 
end of the optical guide 6. The scintillator 8 in the 
optical guide 6 is opposed to the ion-electron con- 
verter 4. A high voltage is supplied to the metal 
film 10 of the scintillator 8 so that the voltage of the 
metal film 10 is higher (e.g. in the ground voltage) 
than that of the ion-electron converter 4. 

Electrons emitted from the ion-electron con- 
verter 4 collide against the scintillator 8 owing to 
the electric field between the ion-electron converter 
4 and the scintillator 8. Then light is emitted from 
the scintillator 8 and passes through the optical 
guide 6 up to the photomuttiplier tube 12 to be 
thereby detected by the tube 12. 

It is reported in MASS SPECTROSCOPY, vol. 
33, No. 2, pp.145 - 147 (1985) that a secondary 
electron multiplier tube is further interposed be- 
tween a collector slit and a secondary electron 
multiplier tube so that ions passing through the 
collector slit are accelerasted by the interposed 
secondary electron multiplier tube, thereby enhanc- 
ing sensitivity in a detector. It is further reported 
that detection sensitivity becomes about three 
times as large as a detector simply with the con- 
ventional secondary electron multiplier tube. 

However, in the conventional detector, mea- 
surements for biochemicals and environmental pol- 
lutants are impossible with regards to its detection 
sensitivity less than pg/1ul. As a voltage applied 
to a dynode is increased, the gain is also in- 
creased. However, together with the signals, noise 
is also amplified not to thereby improve an S/N 
ratio and detection sensitivity. 

It is an object of the present invention to pro- 
vide an improved detector providing high detection 
sensitivity as compared to a conventional secon- 



dary electron multiplier tube up to about ten times 
as great as the conventional case. 

Other objects and further scope of applicability 
of the present invention will become apparent from 
s the detailed description given hereinafter. It should 
be understood, however, that the detailed descrip- 
tion and specific examples, while indicating pre- 
ferred embodiments of the invention, are given by 
way of illustration only, since various changes and 
10 modifications within the spirit and scope of the 
invention will become apparent to those skilled in 
the art from this detailed description. 

Pursuant to a preferred embodiment of the 
present invention, a detector comprises multiplier 
75 means for converting incident particles to secon- 
dary electrons and multiplying the secondary elec- 
trons, scintillator means for converting the secon- 
dary electrons, emitted from last-stage dynode 
means and passing through an exit into fight and 
20 photomultiplier tube means for receiving the light 
from the scintillator means. 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
25 are given by way of illustration only, and thus are 
not limitative of the present invention and wherein: 

FIG. 1 is a cross-sectional view of a detector 
according to a first preferred embodiment of the 
present invention; 
30 FIG. 2 is a cross-sectional view of a mass 

spectrometer utilizing the detector of FIG. 1 to 
detect plus ions; 

FIG. 3 is a cross-sectional view of a mass 
spectrometer utilizing the detector of FIG. 1 to 
35 detect minus ions; 

FIG. 4 is a cross-sectional view of a detector 
according to a second preferred embodiment of the 
present invention; 

FIG. 5(A) is a cross-sectional view of a de- 
40 tector according to a third preferred embodiment of 
the present invention; 

FIG. 5(B) is a right side view of the detector 
of FIG. 5(A); 

FIG. 6 is a cross-sectional view of a detector 
45 according to a fourth preferred embodiment of the 
present invention; 

FIG. 7 is a block diagram of a circuit for 
enlarging strength measurement region according 
to a fifth preferred embodiment; 
so FIG. 8 is a flow chart explaining the opera- 

tion of the circuit of FIG. 7; 

FIG. 9 is a block diagram of a circuit for 
enlarging intensity measurement region according 
to a sixth preferred embodiment; 
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FIG. 10 is a cross-sectional view of a con- 
ventional detector; and 

FIGS. 11(A) and 11(B) are data obtained 
according to mass fragmentgraphy (MF) method in 
gas chromatography and mass- spectrometry 
(GC/MS). FIG. 11(A) relating to the conventional 
detector and FIG. 11(B) relating to a detector of the 
present invention (The scale is arbitrary in the 
above drawings). 

FIG. 1 shows a detector according to a first 
preferred embodiment of the present invention. A 
secondary electron multiplier 14 is provided as a 
multiplier device. Within the multiplier 14, seven- 
stage dy nodes Dy, through Dy, are in turn dis- 
posed from an entrance 14a, through which 
charged particles are passed, to an outlet 14b, 
through which secondary electrons are emitted. 
Appropriate voltages are applied to the dy nodes 
Dy, through Dy, so as to accelerate the secondary 
electrons emitted from each of the dynode. The 
material of the dy nodes Dy, through Dy, is se- 
lected to emit the secondary electrons at a high 
efficiency, stably. For example. Cu-Be alloy, a Cu 
thin plate on the surface of which Be is evaporated, 
or Ag - Mg may be used. 

The secondary electron multiplier 14 is shield- 
ed so as not to decrease an S/N ratio even if 
scattering ions invade the dynodes Dy, through 
Dy,. A deflector 16 is disposed near to the en- 
trance 14a of the multiplier 14. The deflector 16 
serves to deflect the direction of charged particles 
passing through the entrance 14a and being in- 
cident upon the first-stage dynode Dy, of the multi- 
plier 14. Another deflector 18 is disposed between 
the last-stage dynode Dy, and an exrt 14b of the 
multiplier 14. The deflector 18 serves to deflect the 
direction of the secondary electrons emitted from 
the dynode Dy, so as to introduce the secondary 
electrons efficiently into a scintillator 22. 

The scintillator 22 is positioned adjacent the 
exit 14b of the multiplier 14. The scintillator 22 is 
formed at the surface of a material, for example, a 
glass plate 20. A metal layer 24 is formed on the 
surface of the scintillator 22. The metal layer 24 
may be an aluminum thin film. The scintillator 22 
having the metal layer 24 is provided adjacent the 
exit 14b of the multiplier 14 and is confronted with 
the exrt 14b. The scintillator 22 is integrally com- 
bined with the multiplier 14 with a dielectric ma- 
terial 26. The scintillator 22 may be a well-known 
material, for example, the fluorescence subject 
YjAUO* ; Ce of P46 in RMA. A photomultiplier 30 is 
disposed via a light guide 28 at a surface op- 
popsed to the glass plate 20 with the scintillator 22. 
The light guide 28 may comprise a synthetic resin 
or quartz glass to transmit light effectively. 

When charged particles or neutral particles are 
incident upon the first-stage dynode Dy, of the 



secondary electron multiplier 14, the dynode Dy, 
emits secondary electrons which are multiplied by 
the second-stage dynode Dy,. The multiplied sec- 
ondary electrons are further multiplied by the thrid- 

5 stage dynode Dy 3 . Further, the secondary electrons 
are multiplied by the dynodes Dy«, Dy,, Dy* and 
Dy,. subsequently, so that the secondary electrons 
emitted from the last-stage dynode Dy, are incident 
on the scintillator 22. Ught caused by the scintil- 

w later 22 is introduced into the photomultiplier 30 via 
the Hght guide 28 and detected by the photomul- 
tiplier 30. 

FIG. 2 shows a mass spectrometer utilizing the 
detector of FIG. 1 to detect plus ions. 

75 The mass spectro m e te r of FIG. 2 comprises an 

ion source 32, an ion source slit 34, a electromag- 
net 36 providing a magnetic field, an electrode 38 
offering an electric field, and a collector slit 40. 
Ions passing through the collector slit 40 are Intro- 

20 duced into a first-stage dynode Dy, of the secon- 
dary electron multiplier 14 by the deflector 16. 

The combined portion of the secondary elec- 
tron multiplier 14 and the scintillator 22 is posi- 
tioned at a vacuum side of the mass spectrometer 

26 while the photomultiplier 30 is positioned at an 
atmosphere side. A side wall 42 of a vacuum 
apparatus of the mass spectrometer is provided. 
The light guide 28 is embedded into the side wall 
42 so that it connects the scintillator 22 within the 

30 vacuum apparatus with the photomultiplier 30 at 
the atmosphere side. The output signals of the 
photomultiplier 30 are introduced into a pream- 
plifier to process the signals. 

When the plus ions are detected, exemplary 

35 voltages applied to the dynodes Dy, through Dy, of 
the secondary electron multiplier and the scintillator 
22 are as follows: An acceleration voltage of the 
mass spectrometer is assumed to be +3KV. A 
voltage applied to the first-stage dynode Dy, is 

40 -4KV and a voltage applied to the last-stage 
dynode Dy, is -3KV. To the intermediate dynodes 
Dy, through Dy* voltages divided with the resis- 
tances as shown in FIG. 2 are applied. A voltage of 
+ 6KV is applied to the scintillator 22 through the 

45 metal layer 24 at the surface. 

FIG. 3 shows a mass spectrometer utilizing the 
detector to detect minus ions. Vottages applied to 
the dynodes Dy, through Dy, of the secondary 
electron multiplier and the scintillator 22 are as 

so follows by way of example: An acceleration voltage 
of minus ions passing through the collector slit 40 
is assumed to be -3KV. A voltage of +3KV is 
applied to the first-stage dynode Dy, of the secon- 
dary electron multiplier 14 and a voltage of +4KV 

55 is applied to the last-stage dynode Dy,. Voltages 
divided with the resistances are applied to the 
intermediate dynodes Dy, through Dy* as shown in 
FIG. 3. A voltage of + 12KV is applied to the 
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scintillator 22 through the metal layer 24 at the 
surface. 

Since the deflector 16 is positioned at the 
entrance side of the secondary electron multiplier 
1 4. an appropriate voltage is applied to the deflec- 
tor 16 in order to detect charged particles, so that 
the incident charged particles can be directed to 
the first-stage dynode Dy„ effectively. As some 
applied form, charged particles cannot be directed 
to the first-stage dynode by selecting a voltage 
applied to the deflector 16. In such a case, neutral 
particles only are incident upon the secondary 
electron multiplier 14, where the detector can be 
used to detect the neutral particles. 

Since the deflector 18 is interposed between 
the last-stage dynode Dy 7 and the scintillator 22, 
the secondary electrons generated from the last- 
stage dynode Dy, are effectively introduced into 
the scintillator 22 by the deflector 18. By control- 
ling a voltage applied to the deflector 18. the 
amount of the secondary electrons incident upon 
the scintillator 22 can be reduced to protect the 
scintillator 22. 

When a voltage applied to the metal layer 24 at 
the surface of the scintillator 22 is higher than a 
voltage applied to the last-stage dynode Dy,, the 
secondary electrons generated by the dynode Dy 7 
are accelerated and directed to the scintillator 22, 
so that the intensity of light generated by the 
scintillator 22 increases and the gain becomes 
large. 

The gain can be varied by changing voltages 
applied to the dy nodes Dy, through Dy 7 of the 
secondary electron multiplier 14, or further by 
changing a voltage applied to the scintillator 22, so 
that the gain can be controlled by both the secon- 
dary electron multiplier 14 and the scintillator 22. 

With the help of the light guide 28, as shown in 
FIG. 2, the secondary electron multiplier 14 and the 
scintillator 22 are positioned in a vacuum apparatus 
while the photomultiplier 30 is positioned at the 
atmosphere side, thus increasing the degree of 
freedom in designing the detector. Even when a 
high voltage is applied to the scintillator 22, any di- 
scharge can be prevented. 

In the preferred embodiment of FIG. 1, the 
secondary electron multiplier 14 and the scintillator 
22 are integrally combined. It may be possible that 
the scintillator 22, the light guide 28, and the 
photomultiplier 30 are integrally combined, with 
separating the secondary electron multiplier 14 
therefrom. 

FIG. 4 shows a preferred embodiment of the 
detector in which an ion-electron converter 43 is 
provided at the entrance side of the device of FIG. 
1. The ion-electron converter 43 emits a number of 
secondary electrons when high-speed ions collide 
with it. It may comprise At or an alloy of Cu-Be or 



the like. 

To detect plus ions by the mass spectrometer, 
the plus ions are normally accelerated with several 
KV. As minus several KV is applied to the ion- 

5 electron converter 43, the plus ions can collide 
against the surface of the ion-electron converter 43 
at high speed to generate secondary electrons. 
The generated secondary electrons are effectivery 
directed to the first-stage dynode Dy, with the 

io deflector 16 at the entrance of the secondary elec- 
tron multiplier 14. An appropriate voltage is applied 
to the first-stage dynode Dy, so that the dynode 
Dy, can collect the secondary electrons emitted by 
the ion-electron converter 43. 

75 To detect minus tons by the mass spectrom- 
eter, the minus ions are accelerated with minus 
several KV while plus several KV is applied to the 
ion-electron converter 43. 

FIGS. 5(A) and 5(B) show a preferred embodi- 

20 ment of a detector in which the secondary electron 
multiplier and the scintillator are integrally com- 
bined within a cylindrical glass tube 44. FIG. 5(A) is 
a cross-sectional view and FIG. 5(B) is a right side 
view of FIG. 5(A). 

25 An end of the cylindrical glass tube 44 (at the 

left side of FIG. 5(A)) is opened with the other end 
closed. At the closed end the scintillator 22 formed 
on the glass plate 20 is disposed. The metal layer 
24 is formed on the scintillator 22 to apply a 

30 voltage. Between the scintillator 22 and the open- 
ing end of the cylindrical glass tube 44, two sup- 
porting rings 46 and 48 are provided. The interval 
between the two supporting rings 46 and 48 is 
defined with a support bar 50 covered with glass. A 

35 plurality of dynodes Dy, through Dyl are provided 
between the two supporting rings 46 and 48. Ap- 
propriate voltages are applied to the dynodes Dy 
through Dyl. Charged particles are incident upon 
the first stage dynode Dy, via the deflector 16. 

40 Secondary electrons emitted by the last-stage 
dynode Dyl are incident upon the scintillator 22 
via the deflector 18. Light emitted from the scintil- 
lator 22 passes through the glass plate 20 and a 
glass base plate 44a of the cylindrical glass tube 

45 44 and can be taken out Behind the glass base 
plate 44a (at the right side of FIG. 5(A)). a 
photomultiplier is provided via a light guide or 
directly. Lead wires 52a and 52b can serve to 
support the interval between the two supporting 

so rings 46 and 48. 

As shown in FIG. 5(B), lead wires 54a through 
54f are taken out of holes of the glass base plate 
44a. After the lead wires 54a through 54f are in- 
serted, the holes are soldered so that when the 

55 inside of the cylindrical glass tube 44 is vacuumed, 
the vacuum condition may not leak. The lead wire 
54a is to apply a voltage to the scintillator 22. The 
lead wire 54b is to apply a voltage to the deflector 



4 



0 278 034 



8 



16. The lead wire 54c is to apply a voltage to the 
first-stage dynode Dy,. The lead wire 54d is to 
apply a voltage to the last-stage Dyl. The lead 
wire 54e is to apply a voltage to the deflector 18. 
The lead wire 54f is to apply a voltage to the 
supporting ring 48. These combinations may be 
changed. 

FIG. 6 shows a preferred embodiment of a 
detector in which the photomultiplier 30 is integrally 
combined with the unit of FIG. 5 combining the 
seco.Jary electron multiplier and the scintillator. In 
FIG. 6. the cylindrical glass tube 44 Is opened at its 
base, in which opening a front edge 30a of the 
photomultiplier 30 is provided adjacent the glass 
plate 20 of the scintillator 22. No specific tight 
guide is provided between the scintillator 22 and 
the photomultiplier 30. A glass plate 30b formed at 
the front edge 30a of the photomultiplier 30 can 
serve as a light guide. The cylindrical glass tube 44 
is soldered with the container of the photomultiplier 
30. The lead wires 54a through 54f are taken out of 
a side of the integrated cylindrical container. To 
attach the thus manufactured detector with the 
mass spectrometer, the detector is fixed to a side 
wall 42 of the vacuum apparatus via an O-ring 56. 
In FIG. 6, the left side is a vacuum side and the 
right side is an atmosphere side. 

According to the preferred embodiment of FIG. 
6 no specific light guide is disposed and the glass 
plate 30b formed at the front edge of the photomul- 
tiplier 30 serves as a light guide so as to prevent 
light transmission efficiency from being reduced at 
the light guide portion. Since the secondary elec- 
tron multiplier, the scintillator and the photomul- 
tiplier are integrated, it becomes easier to replace 
the old detector with a new one. 

FIG. 7 shows the detector of FIG. 1 in which 
voltages applied to the dy nodes Dy, through Dy, of 
the secondary electron multiplier 14 and a voltage 
applied to the scintillator 22 are controlled so as to 
expand the dynamic range of intensity measure- 
ment. The scintillator 22 may be integrated with the 
secondary electron multiplier 14 or, as shown in 
FIG. 7, may be independent of the multiplier 14. 

A first power supply 60 is provided for applying 
voltages to the dynodes Dy, through Dy, of the 
secondary electron multiplier. A second power sup- 
ply 62 is provided for applying a voltage to the 
scintillator 22 via the metal layer 24. A central 
processing unit (CPU) 64 is provided for controlling 
the first and the second power supplies 60 and 62 
in response to output signals of an amplifier 66 
amplifying the output signals of the photomultiplier 
30. The control of the CPU 64 is as follows; 

When the output signals of the amplifier 66 are 
about to be saturated, absolute values of the vol- 
tages applied to either the dynodes Dy, through 
Dy, or the scintillator 22, or the voltages applied to 



both the dynodes Dy, through Dy, and the scintil- 
lator 22 are reduced according to a predetermined 
control, so that the output signals of the amplifer 66 
are prevented from being saturated. 

s FIG. 8 is a flow chart of the control with the 

CPU 64. At step S„ the output signals of the 
amplifier 66 are inputted into the CPU 64. When 
the output signals of the amplifier 66 are greater 
than an intensity, for example 500,000, voltages 

w applied to the dynodes Dy, through Dy, or applied 
to the scintillator 22 are reduced by a predeter- 
mined value at steps S* and S,. When the output 
signals of the amplifier 66 are less than the inten- 
sity predetermined, the output signals of the am* 

15 pltfier 66 at that time are inputted into the CPU 64 
together with the applied voltage as effective (step 
S,). 

FIG. 9 is a block diagram of a comparator 68 
for controlling the voltages applied to the dynodes 

20 Dy, through Dy, and the scintillator 22. The output 
signals of the amplifier 66 are inputted into a non- 
reverse input terminal of the comparator 68 while a 
reference voltage Vr is inputted into a reverse input 
terminal of the comparator 68. 

26 When the output signals of the amplifier 66 is 

greater than the reference voltage Vr, the output 
signals of the comparator 68 are conductive so that 
the first and the second power supplies 60 and 62 
are operated to reduce the voltages applied to the 

30 dynodes Dy, through Dy, or the scintillator 22 by a 
predetermined value. Such operations are repeated 
until the output signals of the amplifier 66 become 
less than the reference voltage Vr. 

In the above preferred embodiments, the sec- 

36 ondary electron multiplier is provided as a multi- 
plier. The number of the stages of the dynodes 
implemented within the secondary electron multi- 
plier should not be limited to those as described in 
terms of the preferred embodiments. An additional 

40 secondary electron multiplier may be provided be- 
tween the secondary electron multiplier and the 
scintillator. As a multiplier, a channeltron can re- 
place the secondary electron multiplier. 

In accordance with the present invention, the 

46 incident particles are converted into secondary 
electrons and the secondary electrons are am- 
plified, so that the secondary electrons are incident 
upon the scintillator to be converted into tight The 
light is detected by the photomultiplier. Noise can 

so be reduced to increase an S/N ration and sensitiv- 
ity. The thus arranged detector can be used for a 
mass spectrometer. 

FIG.S 11(A) and 11(B) are data obtained by 
using mass fragmentarygraphy (MF) method in gas 

55 chromatography/mass spectrometry (GC/MS). FIG. 
11(A) relates to a detector using the usual electron 
multiplier. FIG. 1 1(B) relates to a detector using the 
detector of the present invention as shown in FIG. 



5 



0 278 034 



10 



1. In the data of FIGS. 11(A) and 11(B), ions of 335 
a.m.u. (atomic mass unit) decaying from the 
metastable ton of 448 (parent ion) a.m.u. are de- 
tected. 

What is important in FIGS. 11(A) and 11(B) is 
that the amount of a sample ot be injected to the 
gas chromatography is about 3ng («3000pg) for 
the data of FIG. 11(A) and that the amount of a 
sample to be injected to the gas chromatography 
according to the proffered embodiment is about 
lOOpg. Thus, according to the present invention, 
the sensibility is about 20 times as large as the 
conventional case. 

While only certain embodiments of the present 
invention have been described, it will be apparent 
to those skilled in the art that various changes and 
modifications may be made therein without depart- 
ing from the spirit and scope of the present inven- 
tion as claimed. 



6. The detector of claim 1, further comprising 
light guide means (28) interposed between said 
scintillator means (22) and said photomuttiplier 
means (30). 

s 7. The detector of claim 1 , wherein said secon- 

dary electron multiplier means (14) and said scintil- 
lator means (22) are integrated. 

8. The detector of claim 1 , wherein said secon- 
dary electron multiplier means (14), said scintillator 

ro means (22), and said photomultipiier means (30) 
are integrated. 

9. The detector of claim 1 , wherein said secon- 
dary electron multiplier means (14) is covered with 
a shield. 

75 



20 



Claims 



1. A detector for detecting charged particles, 
comprising: 25 
secondary electron multiplier means (14) for con- 
verting the charged particles into secondary elec- 
trons and amplifying the secondary electrons; 
scintillator means (22) for converting said secon- 
dary electrons generated from said secondary 30 
electron multiplier means into light and 
photomultipiier means (30) for receiving said light. 

2. The detector of claim 1, wherein said secon- 
dary electron multiplier means (14) comprises an 
entrance (14a) upon which said charged particles as 
are incident and an exit (14b) through which said 
secondary electrons generated in said secondary 
electron multiplier means (14) are taken out and a 
plurality of dynodes (D y1 -Dy?) arranged between 

said entrance (14 a) and said exit (14 b). 40 

3. The detector of claim 1, wherein said scintil- 
lator means (22) comprises the thin metal layer 
means (24) on its surface, to which a voltage is 
applied so that said secondary electrons ejected 
through said exit (14b) of said secondary electron 45 
multiplier means (14) are accelerated and directed 

to said scintillator means (22). 

4. The detector of claim 1, further comprising 
deflector means (16) adjacent said entrance (14 a) 

of said secondary electron multiplier means (14) for so 
directing said charged particles incident into said 
secondary electron multiplier means (14). 

5. The detector of claim 1, further comprising 
second deflector means (18) between either the 
last-stage dynode means (D y7 ) or said exit (14 b) ss 
and said scintillator means (22) for directing said 
secondary electrons ejected from said exit (14 b) 

into said scintillator means (22). 
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